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© Semiconductor device having internal current limit overvoltage protection. 



© A semiconductor device having internally limited 
current and overvoltage protection is disclosed and 
comprises having at least a first junction (40,96) 
wherein both sides of the junction (40,96) have pre- 
determined dopant concentrations and wherein the 
first junction (40,96) is spaced apart a predetermined 
distance from either a second junction (42) or cur- 
rent blocking means (108). The predetermined dop- 
ant concentrations and distance are such that when 
a predetermined voltage is applied to the device 



(10,82), a depletion region (44, 110) from the first 
junction (40,96) encounters either a depletion region 
(44) from the second junction (42) or current bloc- 
king means (108), thereby pinching-off current at a 
desired voltage. The pinch-off voltage may be varied 
by adjusting the distance between the first junction 
(40,96) and either the second junction (42) or current 
blocking means (108) and also by adjusting the 
predetermined dopant concentrations. 
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SEMICONDUCTOR DEVICE HAVING INTERNAL CURRENT LIMIT OVERVOLTAGE PROTECTION 



Background of the Invention 

This invention relates, in general, to semicon- 
ductor devices, and more particularly to a semicon- 
ductor device having internal current limit and over- 
voltage protection. 

Because of the environments in which they 
reside and various other factors, many semicon- 
ductor devices are subject to overvoltage and large 
current fluctuations. This is especially true in power 
discrete devices including those used in integrated 
circuits. For instance, it is extremely difficult to 
operate a bipolar power device under maximum 
power conditions, yet avoid destruction under cer- 
tain unpredictable voltage and current conditions. 

Many methods and structures have been de- 
veloped to protect semiconductor devices from de- 
struction due to the voltage and current conditions 
of their environments. However, typical protective 
structures are external to the intrinsic device. One 
prior art method of device protection includes the 
addition of internal or external zener diodes to 
clamp the emitter-base or collector-emitter junction 
voltage. When the voltage exceeds the zener volt- 
age, the zener diodes turn on, thereby limiting 
current. An obvious problem with this method is 
that the number of zener diodes employed inter- 
nally depends upon the voltage which the primary 
transistor is to be turned off. When a high voltage 
transistor is employed, an excessive number of 
zener diodes must also be employed. This dis- 
sipates power, increases cost, and increases the 
amount of chip area required. 

Another protective method includes the incor- 
poration of emitter ballast resistors to improve the 
uniformity of current distribution in a device and 
increase the maximum limit of power dissipation. 
Although this is somewhat successful, it still re- 
quires the addition of external devices which re- 
quire increased amounts of chip area. 

In view of the above, it would be highly desir- 
able to have a method of internally limiting current 
and providing overvoltage protection in a semicon- 
ductor device that employs no additional devices, 
does not dissipate power, requires no additional 
chip area, and wherein the pinch-off voltage may 
be adjusted. 

Summary of the Invention 

In one embodiment of the invention there is 
provided a semiconductor device having internal 
current limit and overvoltage protection and com- 
prising at least a first junction wherein both sides of 
said first junction have predetermined dopant con- 



centrations and said first junction is spaced apart a 
predetermined distance from one of a second junc- 
tion and current blocking means said predeter- 
mined dopant concentrations and distance being 
5 such that when a predetermined voltage is applied 
to said device a depletion region from said first 
junction encounters one of a depletion region from 
said second junction and said current blocking 
means thereby pinching-off current. 

TO 

Brief Description of the Drawings 

FIGS. 1-4 are highly enlarged cross-sectional 
views of portions of semiconductor devices illus- 
75 trating different embodiments of the present inven- 
tion. 

Detailed Description of the Invention 

20 FIGS. 1-4 are highly enlarged cross-sectional 

views of portions of semiconductor devices em- 
bodying the present invention. FIG. 1 illustrates a 
portion of a lateral bipolar device 10. Although 
device 10 is a PNP device, it should be understood 

25 that the present invention may also be employed in 
conjunction with an NPN device. Further, although 
device 10 comprises specific semiconductor ma- 
terials, one of skill in the art will understand that 
many other well known semiconductor materials 

30 may be employed. Finally, the various distances 
and dopant concentrations given for device 10 are 
specifically for a device having a pinch-off voltage 
of 100 volts. As will be explained presently, the 
pinch-off voltage for a given device may be varied 

35 by adjusting the various dopant concentrations and 
distances. 

Device 10 includes a monosilicon substrate 12, 
having a P conductivity type. An epitaxial silicon 
layer 14, having an N conductivity type, is formed 

40 thereon. Epitaxial layer 14 has a dopant concentra- 
tion of approximately 1.5 x 10 15 cm"" 3 . A buried 
layer 16, having an N + conductivity type is formed 
at the interface of substrate 12 and epitaxial layer 
14. Buried layer 16 is contacted by N + region 18, 

45 which extends to the surface of epitaxial layer 14 
and through which base contact is made at external 
base contact 20. A first field region 22 and a 
second field region 24 are formed in epitaxial layer 
14. Field regions 22 and 24 both are of a P 

so conductivity type, have a dopant concentration of 
approximately 5 x 10 15 cm" 3 and are approxi- 
mately 9 microns apart It should be understood 
that the dopant concentrations of first and second 
field regions 22 and 24 may differ although they do 
not in this embodiment 
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First and second P + collector contact regions 
26 and 28, respectively, are formed in first and 
second field regions 22 and 24. External collector 
contact is made through first and second collector 
contact regions 26 and 28 by first and second 
external collector contacts 30 and 32, respectively. 
A base region 34 is formed between first and 
second field regions 22 and 24. As shown, base 
region 34 extends into field regions 22 and 24 
although this is not mandatory. Base region 34 is of 
an N conductivity type and has a dopant con- 
centration of 2 x 10 17 cm" 3 . Emitter region 36, of a 
P* conductivity type, is formed in base region 34 
and emitter contact is made through emitter region 
36 to external emitter contact 38. 

When device 10 is turned on, first and second 
junctions 40 and 42. respectively, at the interfaces 
of first and second field regions 22 and 24 and 
epitaxial layer 14 result in depletion regions. Deple- 
tion regions are formed on each side of the junc- 
tion and are designated by dotted lines 44 herein. 
As the voltage applied to device 10 approaches 
100 volts, outer depletion regions 44B merge until 
they finally encounter each other beneath base 
region 34. When outer depletion regions 44B en- 
counter each other, the base current is prohibited 
from flowing into base region 34 by outer depletion 
regions 44B and the current is effectively pinched- 
off. 

The voltage at which current will be pinched-off 
is dependent upon the various predetermined dop- 
ant concentrations and the distance between first 
and second field regions 22 and 24. It should be 
understood that if first and second field regions 22 
and 24 are further apart, the pinch-off voltage will 
be higher because a higher voltage will be required 
for the various junctions to merge. Likewise, higher 
voltages are required for pinch-off with the use of a 
higher dopant concentration in epitaxial layer 14 
while lower voltages are required for pinch-off with 
the use of higher dopant concentrations in field 
regions 22 and 24. It should be understood that by 
adjusting dopant concentrations and distance be- 
tween field regions or between a field region and 
current blocking means as will be discussed pres- 
ently, the pinch-off voltage for any given device 
may be varied. 

FIG. 2 illustrates an NPN transistor 46, also 
embodying the present invention. Again, one 
skilled in the art will understand that although tran- 
sistor 46 is an NPN transistor, the present invention 
may also be employed in a similar PNP transistor. 
Transistor 46 includes substrate 48 of a P con- 
ductivity type. An N type epitaxial layer 50 is 
formed on substrate 48 and a buried layer 52, 
having an N + conductivity type, is formed at the 
interface of substrate 48 and epitaxial layer 50. 
Buried layer 52 is contiguous with region 54, also 



of an N + conductivity type, which allows for exter- 
nal collector contact to be made at external collec- 
tor contact 56. 

A large doped region 58, having a P conductiv- 

5 ity type is formed in epitaxial layer 50 and results 
in a large junction 60. Formed in doped region 58 
is P + type base contact region 62, to which exter- 
nal base contact 64 is coupled. An N doped region 
66 is also formed in doped region 58 and is coup- 

w led to external contact 68. which will ultimately 
have the same potential applied to it as does 
external collector contact 56. The formation of dop- 
ed region 66 results in a junction 70 at the interface 
of doped region 66 and doped region 58. A P type 

75 intrinsic base region 72 is formed in epitaxial layer 
50 and extends into doped region 58 in this em- 
bodiment while an emitter region 74, having an N + 
conductivity type, is formed in intrinsic base region 
72. Emitter region 74 is coupled to external emitter 

20 contact 76. 

When a potential is applied to transistor 46, 
depletion regions 80 and 78 form on each side of 
junction 70 and also on each side of junction 60, 
respectively. Again, depletion regions are denoted 

25 by dotted lines 78 and 80. As the potential applied 
reaches the predetermined pinch-off voltage, inter- 
nal depletion region 78A from junction 60 and 
external depletion region 80B from junction 70 
merge and pinch-off the base current. As in the 

30 previous embodiment, the controlling parameters to 
determine the pinch-off voltage are the dopant con- 
centrations and the distance between junction 60 
and junction 70. 

FIG. 3 illustrates a bipolar transistor 82 also 

35 embodying the present invention. Bipolar transistor 
82 includes a P type substrate 84, an N type 
epitaxial layer 86 and an N+ buried layer 88 
disposed at the interface of substrate 84 and epi- 
taxial layer 86. Buried layer 88 is coupled to N + 

40 region 90 which, in turn, is coupled to external 
collector contact 92. P doped region 94 is formed 
in epitaxial layer 86, thereby creating junction 96. A 
P+ base contact region 98 is formed in doped 
region 94 and is coupled to external base contact 

45 100. P type intrinsic base region 102 is formed in 
epitaxial layer 86 and extends into doped region 94 
while an N+ emitter region 104 is formed in intrin- 
sic base region 102. Emitter region 104 is coupled 
to external emitter contact 106. A dielectric region 

so 108, comprising an oxide filled trench in this em- 
bodiment, is formed between base contact region 
98 and intrinsic base region 102. When a potential 
is applied to transistor 82, depletion regions 110 
form from junction 96 and as the potential reaches 

55 the predetermined pinch-off voltage, internal deple- 
tion region 11 OA of junction 96 merges with dielec- 
tric region 108 thereby pinching-off the base cur- 
rent. 
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FIG. 4 depicts a transistor 112 further embody- 
ing the present invention. Transistor 112 includes a 
P type substrate 114 on which an N type epitaxial 
layer 116 has been formed. A N+ buried layer 118 
is formed at the interface of substrate 114 and 
epitaxial layer 116 and is connected to an N + 
region 120, which in turn is coupled to an external 
base contact 122. A P doped well region 124 is 
formed in epitaxial region 116 and is abutted by a 
P doped field region 126. The formation of P 
doped well region 124 and field region 126 in 
epitaxial region 116 results in junction 128. A P + 
collector contact region 130 is formed in well re- 
gion 124 and field region 126. This, in turn, is 
coupled to external collector contact 132. 

An N type intrinsic base region 134 is formed 
in epitaxial layer 116 and a P+ emitter region 136 
is formed in intrinsic base region 134. In this em- 
bodiment base region 134 abuts field region 126. 
Both intrinsic base region 134 and emitter region 
136 abut a dielectric region 138, which is an oxide- 
filled trench in this embodiment. Although dielectric 
region 138 extends to buried layer 118 herein, this 
is not mandatory as long as depletion region 1400 
encounters dielectric region 138 to pinch-off base 
current as will be explained presently. 

When a potential is applied to transistor 112, 
depletion regions, again depicted by dotted lines 
140, result from junction 128. As the potential 
reaches the desired pinch-off voltage, external de- 
pletion region 1400 merges toward dielectric region 
138 until they meet at the desired pinch-off voltage, 
thereby prohibiting the flow of base current. As in 
the previous embodiments, the controlling param- 
eters are the distance between junction 128 and 
dielectric region 138, as well as the predetermined 
dopant concentrations. 

Thus the various embodiments of the invention 
provide semiconductor devices having a number of 
advantages over prior art devices. Current is limit- 
ed internally and the pinch-off voltage may be 
adjusted for a given device without requiring addi- 
tional chip area. 

The invention may be employed in conjunction 
with high voltage semiconductor devices. 

Furthermore the present invention provides a 
method of internally limiting current and providing 
overvoltage protection that does not dissipate pow- 
er from a device. 

Claims 

1. A semiconductor device having internal current 
limit and overvoltage protection and compris- 
ing at least a first junction (40,96) wherein both 
sides of said first junction (40, 96) have pre- 
determined dopant concentrations and said 
first junction (40, 96) is spaced apart a pre- 



541 A2 6 

determined distance from one of a second 
junction (42) and current blocking means 
(108), said predetermined dopant concentra- 
tions and distance being such that when a 

5 predetermined voltage is applied to said de- 

vice (10,82), a depletion region (44,110) from 
said first junction (40,96) encounters one of a 
depletion region (44) from said second junction 
(42) and said current blocking means (108) 

io thereby pinching-off current. 

2. The device of claim 1 wherein the semicon- 
ductor device is a bipolar semiconductor de- 
vice. 

75 

3. The device of claim 1 or 2 wherein the current 
blocking means (108) includes a dielectric ma- 
terial. 

20 4. A semiconductor device having internal current 
limit and overvoltage protection comprising: 
a substrate (12) including semiconductor ma- 
terial (14) of a first conductivity type and pre- 
determined dopant concentration; character- 

25 ized by: 

first (22) and second (24) field regions of a 
second conductivity type and predetermined 
dopant concentrations in said semiconductor 
material (14) providing first (40) and second 

30 (42)junctions therein, said first (22) and second 

(24) field regions being spaced apart a pre- 
determined distance; 

a base region (34) of said first conductivity 
type and predetermined dopant concentration 

35 in said semiconductor material (14), said base 

region (34) being disposed between said first 
(22) and second (24) field regions; 
an emitter region (36) of said second con- 
ductivity type in said base region (34); and 

40 wherein said predetermined dopant concentra- 

tions and distance are such that when a pre- 
determined voltage is applied to said device 
(10), a depletion region (44) from said first 
junction (40) encounters a depletion region (44) 

45 from sad second junction (42), thereby pinch- 

ing off current. 

5. The method of claim 4 wherein the dopant 
concentrations of the first (22) and second (24) 

so field regions are not equal. 

6. The method of claim 4 wherein the dopant 
concentrations of the first (22) and second (24) 
field regions are approximately equal. 

55 

7. The method of any one of claims 4 to 6 
wherein the first conductivity type is N and the 
second conductivity type is P. 
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8. A semiconductor device having internal current 
limit and overvoltage protection comprising: 
a substrate (84) including semiconductor ma- 
terial (86) of a first conductivity type and pre- 
determined dopant concentration; character- 5 
ized by: 

a first field region (94) of a second conductivity 
type and predetermined dopant concentration 
in said semiconductor material (86) so that a 
first junction (96) exists therein; w 
current blocking means (108) in said semicon- 
ductor material (86) t said current blocking 
means (108) being spaced apart a predeter- 
mined distance from said first field region (94); 
a base region (102) of said first conductivity is 
type and predetermined dopant concentration 
in said semiconductor material (86); 
an emitter region (104) of said second con- 
ductivity type in said base region (1 02); and 
wherein said predetermined dopant concentra- 20 
tions and distance are such that when a pre- 
determined voltage is applied to said device, a 
depletion region (110) from said first junction 
(96) encounters said current blocking means 
(108) thereby pinching-off current. 25 
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© Semiconductor device having internal current limit overvoltage protection. 
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© A semiconductor device having internally limited 
current and overvoltage protection is disclosed and 
comprises having at least a first junction (40,96) 
wherein both sides of the junction (40,96) have pre- 
determined dopant concentrations and wherein the 
first junction (40,96) is spaced apart a predetermined 
distance from either a second junction (42) or cur- 
rent blocking means (108). The predetermined dop- 
ant concentrations and distance are such that when 
a predetermined voltage is applied to the device 



(10,82), a depletion region (44, 110) from the first 
junction (40,96) encounters either a depletion region 
(44) from the second junction (42) or current bloc- 
king means (108), thereby pinching-off current at a 
desired voltage. The pinch-off voltage may be varied 
by adjusting the distance between the first junction 
(40,96) and either the second junction (42) or current 
blocking means (108) and also by adjusting the 
predetermined dopant concentrations. 
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